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THE OHIO STATE ENGINEER
LIMITED CUT-OFF APPLIED TO
LOCOMOTIVES
H. P. SEYMOUR, M.E. '29
During the early years of railroad development
in the United States, the main interest of mechani-
cal officials of the various roads was to design
locomotives capable of hauling heavier trains, to
keep pace with the development of our present in-
dustrial age. When coal could be loaded on the
locomotive tender at a cost of $1.25 per ton, many
roads serving coal fields getting it for less, little
thought was given to economies in operation.
However, with the tremendous increase in the cost
of fuel and labor during and since the World War,
it has become necessary to make each engine haul
more revenue tons of freight per ton of coal
burned, and at the same time get it over the road
dimensions. The total heating surface is about
12 per cent larger than that of the class Lls, and
the total weight about 16 per cent greater. The
grate areas of the two locomotives are alike.
The main difference between the class Us and
Lls and the greatest improvement over the Lls
is that the Us operates at 50 per cent cut-off. The
principles of limited cut-off, or the utilization of
the expansive properties of steam after cutting
off the supply from the boiler, has long been
known and applied by engineers in stationary and
marine engine practice. Limited cut-off is not
unknown in locomotive operation but is used in a
slightly different manner, as the cut-off is con-
DECAPOD TYPE FREIGHT LOCOMOTIVE
Pennsylvania Railroad, Cless I Is. A locomotive of the same class as No. 790, the one tested
in scheduled time. That is, the objective now is
an engine that will pull heavy loads at high speed.
With this object before them, the mechanical
engineers of the Pennsylvania Railroad began in
1916 experiments and tests on freight engines,
the result of which is the class Us locomotive. One
of the peculiar features of the engine of this class
is that it is designed to operate at a cut-off of 50
per cent of the stroke when running at full gear.
This is a Decapod type 2-10-0, which means two
truck wheels under the pilot, ten driving wheels,
five on each side, and no trailer truck. The total
wheel base is twenty-two feet six inches. Such
engines, running East out of the Canton, Ohio
yard over a division of heavy grades, are hauling
trains of one hundred loaded cars. Before en-
gines of this class were placed in service, the
standard practice was to operate trains of fifty
to sixty cars hauled by class Lls, Mikado-type en-
gines. These Lls engines were the heavy freight
engines designed for a similar service just pre-
ceding the class Us engines.
The table (page 22) shows how the locomotive
compares with the class Lls in certain leading
trolled by the engineman by means of the reverse
lever in the cab. It was always necessary to take
steam at full stroke in starting, then after gather-
ing speed the valve travel was shortened and an
average cut-off of 90 per cent could be used. In
high-speed passenger service cut-offs of less than
50 per cent are not uncommon.
Many freight locomotives, in helping service
especially, are worked almost continuously with
a cut-off near the end of the stroke; and if they
were designed so as to work at but 50 per cent
cut-off when in full gear, without a sacrifice of
drawbar pull, there would be gained the differ-
ence between the coal and water rates at full-
stroke cut-off and those at half stroke, that is,
there would be a saving of approximately 25 per
cent.
Both types of engines were tested on the Penn-
sylvania Railroad Company's testing plant at Al-
toona, Pa., and the comparisons of this article are
from the results obtained. The testing plant is
designed to reproduce as nearly as possible actual
conditions when operating on the road.
(Continued on Page 22)
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THE GENERAL DIMENSIONS OF LOCOMOTIVES OF THE U S AND Lls CLASSES
Class Us
Weight in working order, total pounds
Weight on drivers, working order, pounds
Driving wheels, diameter, inches
Cylinders (simple), inches
Heating surface, tubes (water side), sq. ft
Heating surface, firebox (including arch tubes) square feet—
Heating surface, superheater (fireside), square feet—
Heating surface, total (based on water side of tubes), including superheater, sq. ft.
Heating surface, total (based on fireside of tubes), including superheater, sq.ft.
Grate area, square feet ,
Boiler pressure, pounds per square inch
Valves
Valve motion, type
Firebox, type
Tubes, number
Tubes (outside diameter), inches
Flues (for superheater), number
Flues (outside diameter), inches
Tubes and flues, length, inches
371,800
342,050
62
3O%X32
4043.94
290.20
1478.91
5810.25
5423.12
70.0
250.0
12" Piston
Walschaert
Wide
244
2.25
48
5.5
228.32
Class Us
320,700
240,200
62
27X30
3715.71
301.51
1171.63
5188.85
4847.72
70.0
205.0
12" Piston
Walschaert
Belpaire
237
2.25
40
5.5
226.51
Per cent
Increase of
Us over Lls
15.9
42.4
37.6 Vol.
8.8
3.8 Dec.
26.2
12.0
11.9
Indicated Horsepower
The range of horsepower was between 766.6
and 3486.1. The highest power was obtained at
a speed of 140 r.p.m., which is equivalent to 25.3
m.p.h.
The superheated steam used per i.hp.-hr. was
between. 14.9 and 21.6 lb. In twelve of the tests
the steam used, per i.hp.-hr., was 16 lb. or less.
On 16.6 lb. of steam per i.hp.-hr., an indicated
horsepower of about 3500 was developed.
Dynamometer Horsepower
The dynamometer horsepower shows increases
and economies closely following those for indi-
cated horsepower.
Many tests have a coal rate of 2!/2 lb. and a
steam rate of less than 18 lb. The minimum
rate was 16.8 lb. of steam per d.hp.-hr. Results
show that both the coal- and water-rate curves are
below those of the class Lls for all dynamometer
horsepowers.
The drawbar pulls obtained upon the Testing
Plant were found to be favorable. To be 25 per
cent greater than the pull of the Lls at 40 r.p.m.,
the Us should have a pull of about 75,000 lb. and
this pull was considerably exceeded.
The engines of this locomotive, compared with
long cut-off locomotives as to economy in coal and
steam, have yielded expected results. The tests
have shown that the restricting of the cut-off has
had the desired effect in that, in full gear, where
the bulk of the work is done, this locomotive oper-
ates much more economically than the Lls. This
advantage, as expected, is reduced as the engines
are cut back, but it is not until we have gone be-
low the most economical cut-off for both locomo-
tives that the Lls becomes more economical, at
a given horsepower, than the Us. This, more-
over, is the case only at the lower horsepower (in
short cut-offs at low speeds), that is, for but a
small portion of the work to be done by the loco-
motive.
In the beginning of this article it was men-
tioned that the objective of all locomotive im-
provement is to increase the weight of the trains
to be pulled and reduce the cost. The class Us
operating at a limited cut-off meets this require-
ment. The Pennsylvania Railroad is the pioneer
in this field, but other roads have since seen its
advantage and are making use of it.
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Bailey Meters
BAILEY BOILER METERS are of real assistance in obtaining maxi-
mum efficiency and capacity from boiler operation because they record
the rate of Steam Flow from the boiler, the rate of Air Flow through
the furnace and the Flue Gas Temperature on a single uniformly graded
chart. The relation between the Steam Flow and Air Flow shows in-
stantly whether an excess or a deficiency of air is being supplied. Stoker
speed as well as the integrator for Steam Flow may be added.
BAILEY MULTI-POINTER GAGES are made with any number of
pointers to fit each installation. Indicate Pressure, Temperature, Rate of
Flow, Draft, Speed, etc.
BAILEY METERS FOR COAL AND GRANULAR MATERIALS
measure coal, crushed ore and other granular materials in large quanti-
ties.
BAILEY FUILD METERS record and integrate the flow of steam or
water at any pressure or temperature. The meters may be supplied with
pressure recorders, temperature recorders or both.
BAILEY GAS METERS record and integrate the flow of low or high
pressure gas or air at any temperature. Special meters built for measure-
ment o|f chemically active gases.
BAILEY GRAVITY RECORDERS FOR LIQUIDS record the true
specific of a flowing sample on a 12-inch circular chart.
OTHER TYPES OF METERS as well as recording and indicating
Gages are made for different purposes, so that nearly any problem in
connection with the metering of fluids can be handled.
BULLETINS SENT ON REQUEST
BAILEY METER COMPANY
1050 Ivanhoe Road Cleveland, Ohio
LUFKiN Tapes and Rules
The Recognized Standard of Accuracy and Service
They are offered in patterns and grades best for General
Engineering, Surveying, Construction and Maintenance
SEND FOR
CATALOG
NEW YORK
WINDSOR, ONT.
SEND FOR
CATALOG
THE LUFKIN RULE CO. Saginaw, Mich.
RENTALS
15th AND HIGH
TYPEWRITERS
SALES SERVICE
RIDER'S PEN SHOP
DELIVERY SERVICE
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